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1
MULTI-STAGE SECURITY SCREENING
SYSTEM AND SMART COMMUNICATION
SYSTEM

BACKGROUND OF THE INVENTION

The embodiments described herein relate generally to a
security screening system and, more particularly, to a multi-
stage security screening system with a smart communication
system between the stages.

Many known security systems for screening containers for
materials and item of interest include a two-stage screening
system. As used herein, the terms “materials of interest” and
“items of interest” refer to contraband substances such as,
without limitation, explosives, narcotics, and weapons that
may compose a threat in an inspected region of the containers.
Also, as used herein, the term “containers” refers to, without
limitation, luggage, shipping packages and parcels, bags,
cargo, and vehicles.

The first stage is typically a pre-screening stage that uses
X-ray devices such as a transmission pre-screener, e.g.,
single-view devices, advanced technology multi-view
devices, and computed tomography (CT) systems. Such pre-
screening is typically performed at cabin baggage screening
(CBS) checkpoints and/or hold baggage screening (HBS)
checkpoints. Also, while such pre-screening devices facilitate
determining a density of the objects in the container, includ-
ing relative densities of such objects, and the approximate
coordinates of the objects within the container using the spa-
tial resolution properties of such pre-screening devices, they
are not molecular-specific. Therefore, a second stage is typi-
cally used downstream of the pre-screening stage. The second
stage is a screening stage that uses X-ray diffraction imaging
(XDI) devices to resolve alarms raised by the x-ray pre-
screener. The molecular-specific detection performance of
the XDI device enables it to accurately resolve alarms raised
by the transmission pre-screener. Such XDI devices generate
a diffraction profile of each substance irradiated with X-rays.
Because such materials typically have a known and discern-
ible X-ray diffraction (XRD) signature, detection and identi-
fication of contraband items and substances is facilitated.

Such pre-screening stage transmission X -ray systems have
a tendency to increase the false alarm rate (FAR). Also, such
pre-screening stages transter only approximate threat coordi-
nates and the nature of the supposed threat via a simple
communication stage to the subsequent XDI scanner. There-
fore, the irradiating power of the X-ray scan by the XDI
device must be increased and the scan period extended to
accurately resolve the alarms. Such increases in the scan
period and power usage increase the costs of screening. Also,
since the communications between the pre-screening stage
and the XDI scanner are one-way only, there is no feedback
mechanism to calibrate the pre-screening stage to improve
alarm accuracy and decrease the FAR.

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a multi-stage screening system for screening
a container is provided. The system includes a pre-screening
stage including a transmission X-ray device. The pre-screen-
ing stage is configured to generate constraint data associated
with the contents of the container. The system also includes a
screening stage including an X-ray diffraction imaging (XDI)
device. The screening stage is configured to generate image
data associated with the contents of the container. The system
further includes a communication system coupled to the pre-
screening stage and the screening stage. The communication
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2

system is configured to receive and transmit the constraint
data and reconstruct at least one image of the container at least
partially as a function of the constraint data and the image
data.

In another aspect, a method of performing a security screen
of a container is provided. The method includes irradiating a
container with a pre-screening stage X-ray device and gener-
ating constraint data associated with the contents of the con-
tainer. The method also includes transmitting the constraint
data to a communication system and irradiating the container
with a screening stage X-ray device. The method further
includes reconstructing at least one image of the container at
least partially as a function of the constraint data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-4 show exemplary embodiments of the systems
and methods described herein.

FIG. 1 is a schematic block diagram of an exemplary prior
art two-stage screening system;

FIG. 2 is a schematic block diagram of an exemplary two-
stage screening system with an exemplary communication
system between the two stages;

FIG. 3 is a schematic block diagram of the communication
system shown in FIG. 2; and

FIG. 4 is a flow chart of an exemplary method of operating
the two-stage screening system shown in FIGS. 2 and 3.

DETAILED DESCRIPTION OF THE INVENTION

The multi-stage security screening system with a smart
communication system between the stages described herein
facilitates cost-effective enhanced integration of a pre-
screener image and an X-ray diffraction imaging (XDI) scan-
ner, thus enhancing overall performance of a security scan-
ning system. Specifically, in contrast to many known security
scanning systems, the multi-stage security screening system
with a smart communication system as described herein
facilitates exceeding mere transferring of only threat coordi-
nates and the nature of a supposed threat via a simple com-
munication stage to a subsequent XDI scanner. More specifi-
cally, the systems described herein collect potential threat
information from a pre-screener stage and transmit such
information to a “smart” communication stage prior to trans-
mission to an XDI scanner stage. The “smart” communica-
tion stage as described herein executes tasks that include, in
addition to transferring container coordinates and supposed
nature of a potential threat, also constraining XDI images
using pre-screener images to improve spatial resolution
within the container and reducing noise, aiding aggregation
of' voxels belonging to the same object in the container under
investigation, and adapting the operating parameters of the
XDI scanner in real-time as a function of the potential threats.
Therefore, threat detection is enhanced at a constant X-ray
source flux, thereby maintaining a constant X-ray dose rate
and power consumption. Also, intelligently using informa-
tion through the “smart” communication stage to make a
threat/no threat decision on the basis of both pre-screener
information and XDI information to resolve alarms raised by
the pre-screener facilitates decreasing the false alarm rate
(FAR) regardless of the frequency or rate of detection.

FIG. 1 is a schematic block diagram of an exemplary prior
art two-stage screening system 100. System 100 includes an
X-ray pre-screener 102 that may be either of a single-energy
type or a dual-energy type. System 100 also includes an XDI
screener 104 downstream of X-ray pre-screener 102 with a
simple communications stage 106 therebetween. X-ray pre-
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screener 102 is a first, pre-screening stage that uses X-ray
devices such as a transmission pre-screener, e.g., single-view
devices, advanced technology multi-view devices, and com-
puted tomography (CT) systems (neither shown). Such pre-
screening is typically performed at cabin baggage screening
(CBS) checkpoints and/or hold baggage screening (HBS)
checkpoints (neither shown). Such X-ray pre-screeners 102
facilitate determining a density of the objects in a container
(neither shown), including relative densities of such objects,
and the approximate coordinates of the objects within the
container using the spatial resolution properties of such pre-
screening devices.

However, X-ray pre-screener 102 is not molecular-spe-
cific. Therefore, a second stage, i.e., XDI screener 104 is used
downstream of pre-screening stage 102. The second stage is a
screening stage that uses XDI devices (not shown) to resolve
alerts/alarms raised by X-ray pre-screener 102. Specifically,
X-ray pre-screener 102 transfers coordinates representative
of a location of potential threat in a container and the sup-
posed nature of the threat via simple communication stage
106 to XDI screener 104. Owing to its enhanced detection
performance, i.e., the molecular-specific detection perfor-
mance, XDI screener 104 accurately resolves alerts/alarms
raised by X-ray pre-screener 102. XDI screener 104 generates
a diffraction profile of each substance irradiated with X-rays.
Such materials typically have a known and discernible X-ray
diffraction (XRD) signature. Therefore detection and identi-
fication of contraband items and substances is facilitated.

In operation, data from XDI screener 104 is mirrored onto
a four-dimensional (4D) object matrix (not shown) using a
processing device (not shown). This matrix initially defines
three spatial dimensions, i.e., a position defined by a height
dimension, a breadth dimension, and a length dimension of
object voxels (not shown) that define a three-dimensional
(3D) representation of the container. Additionally, each voxel
has afourth, i.e., amomentum dimension, defined through the
momentum transfer parameter:

x=sin(0/2)/\, Equation (1)

where 0 is the angle of scatter and A is the photon wavelength.
The momentum dimension represents the X-ray coherent
scatter characteristics of the material in that voxel. Mirroring
detector data onto the 4D object voxel leads to a “zeroth (0)
order” estimate of the container contents. As used herein, the
terms “0” order approximation” and “0” order estimate” rep-
resent a first approximation of the nature of the contents of the
voxels derived from a plurality of simplifying assumptions.
FIG. 2 is a schematic block diagram of an exemplary two-
stage screening system 200 with an exemplary communica-
tion system 202 between the two stages. In the exemplary
embodiment, system 200 includes a first stage, i.e., a pre-
screening stage 204 that is similar to X-ray pre-screener 102
(shown in FIG. 1). As such, pre-screening stage 204 includes
at least one X-ray pre-screening device (not shown) that may
be either of a single-energy type or a dual-energy type. More-
over, pre-screening stage 204 may include any device and/or
system that enables operation of system 200 and pre-screen-
ing stage 204 as described herein, including, without limita-
tion, a transmission pre-screener, e.g., a single-view device,
an advanced technology multi-view device, and a computed
tomography (CT) system. Such pre-screening is typically
performed at cabin baggage screening (CBS) checkpoints
and/or hold baggage screening (HBS) checkpoints (neither
shown). Also, pre-screening stage 204 facilitates determining
a density of the objects in a container (neither shown), includ-
ing relative densities of such objects, and the approximate
coordinates of the objects within the container using the spa-
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tial resolution properties of such pre-screening devices. As
described further below, generating such data facilitates pre-
screening stage 204 generating constraint data associated
with the contents of the container.

Two-stage screening system 200 also includes a second
stage, i.e., an XDI screening stage 206 downstream of pre-
screening stage 204. XDI screening stage 206 is similar to
XDI screener 104 (shown in FIG. 1) that uses XDI devices
(not shown) to resolve alerts/alarms raised by pre-screening
stage 204. The enhanced detection performance, i.e., the
molecular-specific detection performance, of XDI screening
stage 206 generates a diffraction profile of each substance
irradiated with X-rays. XDI screening stage 206 is configured
to receive constraint data from pre-screening stage 204 and
reconstruct at least one image of the container under scrutiny
atleast partially as a function of the constraint data (discussed
further below). The detection performance, i.e., the molecu-
lar-specific detection performance, of XDI screening stage
206 is further enhanced. XDI screening stage 206 generates a
diffraction profile of each substance irradiated with X-rays.
Such materials typically have a known and discernible X-ray
diffraction (XRD) signature. Therefore detection and identi-
fication of contraband items and substances is facilitated.
Constraining the operation of XDI screening stage 206
enhances the accuracy, timeliness, and costs of such detection
and identification as discussed further below.

Two-stage screening system 200 further includes smart
communication system 202 coupled to pre-screening stage
204 and XDI screening stage 206. Smart communication
system 202 is configured to receive information from pre-
screening stage 202 as shown by arrow 208 in a manner
similar to X-ray pre-screener 102 and simple communication
stage 106 (both shown in FIG. 1). However, in contrast to the
relationship between simple communication stage 106 and
XDI screener 104 (both shown in FIG. 1) that only share one
way communication from simple communication stage 106
to XDI screener 104, smart communication system 202 and
XDI screening stage 206 share two-way communications as
shown by arrow 210.

FIG. 3 is a schematic block diagram of smart communica-
tion system 202. Smart communication system 202 includes
at least one processing device 212. In some embodiments,
processing device 212 may include devices in one or both of
pre-screening stage 204 and XDI screening stage 206. In the
exemplary embodiment, processing device 212 is coupled to
pre-screening stage 204 through a first input/output (I/O)
device 214 and is coupled to XDI screening stage 206 through
a second I/O device 216. Processing device 212, and the
remaining portions of smart communication system 202,
include the necessary hardware, software, firmware, and
communications protocols to enable operation of smart com-
munication system 202 and two-stage screening system 200
as described herein.

As used herein, the terms “processor” and “processing
device” are not limited to just those integrated circuits
referred to in the art as a computer, but broadly refers to a
microcontroller, a microcomputer, a programmable logic
controller (PL.C), an application specific integrated circuit,
and other programmable circuits, and these terms are used
interchangeably herein. In the embodiments described
herein, memory may include, but is not limited to, a com-
puter-readable medium, such as a random access memory
(RAM), and a computer-readable non-volatile medium, such
as flash memory. Alternatively, a floppy disk, a compact disc-
read only memory (CD-ROM), a magneto-optical disk
(MOD), and/or a digital versatile disc (DVD) may also be
used. Also, in the embodiments described herein, additional
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input channels may be, but are not limited to, computer
peripherals associated with an operator interface such as a
mouse and a keyboard. Alternatively, other computer periph-
erals may also be used that may include, for example, but not
be limited to, a scanner. Furthermore, in the exemplary
embodiment, additional output channels may include, but not
be limited to, an operator interface monitor.

Processing device 212 and other processors (not shown) as
described herein process information transmitted from a plu-
rality of electrical and electronic devices that include, without
limitation, pre-screening stage 204 and XDI screening stage
206. Memory devices (not shown) and storage devices (not
shown) store and transfer information and instructions to be
executed by processing device 212. Such memory devices
and storage devices can also be used to store and provide
temporary variables, static (i.e., non-volatile and non-chang-
ing) information and instructions, or other intermediate infor-
mation to processing device 212 during execution of instruc-
tions by processing device 212. Instructions that are executed
include, but are not limited to, analysis of signals transmitted
from pre-screening stage 204 and XDI screening stage 206.
The execution of sequences of instructions is not limited to
any specific combination of hardware circuitry and software
instructions.

Referring to FIGS. 2 and 3, pre-screening stage 204 gen-
erates constraint data associated with the contents of the
container under consideration and transmits the constraint
data to smart communication system 202, i.e., processing
device 212 (as shown by arrow 208). XDI screening stage 206
is configured to receive constraint data from pre-screening
stage 204 through smart communication system 202 (as
shown by arrow 210) and reconstruct at least one image of the
container under scrutiny at least partially as a function of the
constraint data. Such constraint data may include an aggre-
gated plurality of voxels, thereby constraining the at least one
object with respect to at least one of object shape and coor-
dinates of position within the container.

Pre-screening stage 204 generates images having
enhanced spatial resolution as compared to images generated
by XDI screening stage 206. Therefore, images generated by
pre-screening stage 204 provide useful information for con-
straining the shapes and positions of object surfaces within
the container under scrutiny. This information, combined
with image data generated by XDI screening stage 206, sig-
nificantly improves the identification of those voxels belong-
ing to one and the same object, thus also further enhancing
detection performance. The image data generated by pre-
screening stage 204 is transmitted to smart communication
system 202, i.e., processing device 212 (as shown by arrow
208).

As described above for XDI screener 104, image data from
XDI screening stage 206 is mirrored onto a four-dimensional
(4D) object matrix (not shown) using processing device 212
(as shown by arrow 210). Mirroring detector data onto the 4D
object voxel leads to a 07 order approximation of the contents
in the container. Improvements in the 0% order approximation
may be achieved with an iterative reconstruction technique
within processing device 212.

Tterative XDI reconstruction is a tool for improving both
spatial resolution and decreasing noise in XDI images. Such
iterative XDI reconstruction facilitates “forward modeling”
in processing device 212 whereby a container, interrogated by
an x-ray beam, generates a set of XDI detector signals (not
shown). Given a certain initially assumed container, such as
the 07 order approximation generated by XDI screening stage
206, the forward model predicts values of the XDI detector
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signals. These computed signals are then compared with the
detector signals actually generated as a result of a scan, i.e.,
actual scan signals.

A set of difference signals, defined as the actual scan sig-
nals minus the computed signals, is computed. This set of
difference signals is “back-projected” in an inverse compu-
tation onto the 4D object voxel matrix to correct the 0 order
approximation. This process of forward computation, estima-
tion of differences, and back-projection is used iteratively to
improve both the spatial resolution and noise properties of the
images.

The iterative reconstruction techniques as described herein
include using the a priori information described above in the
reconstruction. Such a priori information is provided natu-
rally in the images that pre-screening stage 204 captures of
the container. For example, images generated by pre-screen-
ing stage 204 may reveal in which object regions the container
is particularly dense, or particularly transparent. These pre-
screening images are communicated to processing device 212
through first I/O device 214 and smart communication system
202 to an iterative reconstruction algorithm programmed in
processing device 212 in the form of constraints. For
example, it is not physically reasonable that the XDI voxels
along a certain primary beam ray path from the X-ray source
should be densely populated when the pre-screener data sug-
gests that the container is more or less transparent along the
same ray path. Therefore, pre-screening stage 204 generates
transparency constraint data in the form of a transparency
determination of the container as a result of a scan by pre-
screening stage 204. Such transparency constraint data is
transmitted to smart communication system 202 (as shown by
arrow 208).

Using the iterative reconstruction features as describe
above, processing device 212 generates a computational
model of the container’s X-ray properties that optimally sat-
isfies both the pre-screener and the XDI image data. The
overall effect of incorporating pre-screener data into the itera-
tive XDI reconstruction procedure is to improve detection
performance, by improving the spatial resolution and reduc-
ing the noise of the reconstructed XDI image.

The iterative XDI reconstruction as described above is
further facilitated by voxel aggregation. On completion of the
XDI scan procedure, the iterative XDI reconstruction module
delivers a 4D voxel map of the x-ray properties of the con-
tainer under investigation. In order to reduce XDI image
noise, voxels belonging to the same object, e.g., without
limitation, bottles, bags, and boxes in the container are aggre-
gated. This step increases the signal-to-noise ratio of the total
XRD profile summed over aggregated voxels when the con-
tents of the object defining those voxels are homogenous.
There are numerous algorithms that may be used for aggre-
gating voxels belonging to the same object including, without
limitation, segmentation and cross-correlation. Therefore, in
the exemplary embodiment, at least some of the constraint
data includes an aggregated plurality of voxels, thereby con-
straining the at least one object with respect to at least one of
object shape and the coordinates of the object’s position
within the container.

Further, in the exemplary embodiment, at least some of the
constraint data includes attenuation properties of the objects
in the container, thereby at least partially defining potential
threats as a function of such attenuation properties. As
described herein, pre-screening stage 204 images containers
before they reach XDI screening stage 206. Although pre-
screening stage 204 has limited detection capabilities, it is
able to measure the local attenuation properties of the con-
tainers and to at least indicate via density and mean atomic
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number whether an object, e.g., without limitation, a bottle in
the container contains fuel, water, or an oxidizer, such as
hydrogen peroxide.

Thus, when pre-screening stage 204 transfers threat coor-
dinates and supposed threat nature to smart communication
system 202, additional information is present on the nature of
the supposed threat (e.g., fuel or oxidizer). As such, smart
communication system 202 facilitates iterative XDI recon-
struction using “a priori” pre-screener information and the
associated constraints, reconstructing XDI data through
voxel aggregation and object attenuation properties to iden-
tify potential threat “objects” and their coordinates in the
container rather than merely apparent threat voxels.

Moreover, in the exemplary embodiment, multi-stage
screening system 200, through smart communication system
202, is further configured to regulate irradiation of containers
by XDI screening stage 206 at least partially as a function of
potential threats as determined by the images and constraint
data transmitted from pre-screening stage 204.

In general, hydrocarbon fuels have their principal Bragg
peaks at relatively low momentum, i.e., approximately 1
nm™". If pre-screening stage 204 indicates that a bottle con-
tains a fuel such as acetone, a higher, more accurate XDI
signal can be acquired by lowering the X-ray tube voltage
potential at constant power, thus increasing the X-ray tube
current. A lower X-ray tube potential places the higher end of
the associated bremsstrahlung, or braking radiation, emission
spectrum closer to the fuel Bragg peak. Conversely, if pre-
screening stage 204 suggests the presence of an oxidizer, such
as, without limitation, hydrogen peroxide, a more optimum
matching of the bremsstrahlung spectrum to the principal
Bragg peak position is facilitated by increasing the X-ray tube
voltage potential at constant power, and decreasing the X-ray
generation current, as the Bragg peak of hydrogen peroxide
lies at higher momentum than that of water.

Also, if the local transmission of the container is high, i.e.,
if portions of the container are relatively transparent, then
XDI screening stage 206 may be operated at a lower power
without significant signal degradation as it scans this object
region. Conversely, where the local transmission of the con-
tainer is low, i.e., if portions of the container indicate rela-
tively dense contents, then the power of XDI screening stage
206 may be increased to enhance inspection of the container.

As such, based on such potential threat object information,
smart communication system 202 transmits adaptive infor-
mation to XDI screening stage 206 (as shown by arrow 210).
For example, and without limitation, smart communication
system 202 regulates current and voltage values to XDI
screening stage 206 to enhance its detection performance.
Therefore, this type of information can be used to adapt “on
the fly” the operating characteristics of XDI screening stage
206.

Therefore, smart communication system 202 is configured
to determine potential threats at least partially as a function of
the constraint data generated by pre-screening stage 204 and
transmitted to smart communication system 202. Further-
more, smart communication system 202 is configured to
transmit such constraint data to XDI screening system 206 is
the form of operational control signals to regulate irradiation
of the container and/or direct transmission of the constraint
data to a controller for XDI screening system 206.

FIG. 4 is a flow chart of an exemplary method 300 of
operating two-stage screening system 200 shown in FIGS. 2
and 3. Method 300 includes performing a security screen of a
container, i.e., a container is irradiated 302 with a pre-screen-
ing stage X-ray device 204 (shown in FIGS. 2 and 3). Such
irradiating 302 generates 304 constraint data associated with

25

30

35

40

45

55

8

the contents of the container. The constraint data generated by
pre-screening stage 204 is transmitted 306 to smart commu-
nication system 202 (shown in FIGS. 2 and 3), i.e., processing
device 212 (shown in FIGS. 2 and 3). The container is irra-
diated 308 with XDI screening stage X-ray device 206
(shown in FIGS. 2 and 3) and XDI image data is obtained and
transmitted to processing device 212. At least one image of
the container is reconstructed 310 at least partially as a func-
tion of the constraint data within processing unit 212. Spe-
cifically, the constraint data is used to regulate operation of
XDI screening stage 206 by determining potential threats at
least partially as a function of the constraint data and regulat-
ing irradiation of the container as a function of the determined
potential threats. Also, specifically, the constraint data is used
to facilitate iterative reconstruction of the images through
smart communication system 202 generating estimated XDI
image data at least partially from the constraint data, XDI
screening stage 206 generating actual image data from a scan
of the container, and smart communication system 202 cal-
culating differences between the estimated XDI image data
and the actual image data.

As described for the exemplary embodiment herein, pro-
cessing device 212 in smart communication system 202
executes the algorithms and instructions to enable operation
of'two-stage screening system 200. Alternatively, system 200
may include a distributed processing system that includes
processing devices functionally similar to processing device
212 embedded in each of pre-screening stage 204, smart
communication system 202, and XDI screening stage 206
such that at least a portion of the operations described above
in the exemplary embodiment are executed in one or more of
the predetermined processing devices. For example, and
without limitation, mirroring image data from XDI screening
stage 206 onto a four-dimensional (4D) object matrix and
generating the 0% order approximation of the contents in the
container may be at least partially executed in the processing
device embedded within XDI screening stage 206. Also, for
example, and without limitation, improvements in the 0%
order approximation through the iterative XDI reconstruction
as described above may be at least partially executed in the
processing device embedded within XDI screening stage 206.
Further, in alternative embodiments, any distribution of the
processing features of processing device 212 throughout two-
stage screening system 200 that enables operation of system
200 as described herein may be used.

The above described multi-stage security screening system
with a smart communication system between the stages
facilitates cost-effective enhanced integration of a pre-
screener image and an X-ray diffraction imaging (XDI) scan-
ner, thus enhancing overall performance of a security scan-
ning system. Specifically, in contrast to many known security
scanning systems, the multi-stage security screening system
with a smart communication system as described herein
facilitates exceeding mere transferring of only threat coordi-
nates and the nature of a supposed threat via a simple com-
munication stage to a subsequent XDI scanner. More specifi-
cally, the systems described herein collect potential threat
information from a pre-screener stage and transmit such
information to a “smart” communication stage prior to trans-
mission to an XDI scanner stage. The “smart” communica-
tion stage as described herein executes tasks that include, in
addition to transferring container coordinates and supposed
nature of a potential threat, also constraining XDI images
using pre-screener images to improve spatial resolution
within the container and reducing noise, aiding aggregation
of' voxels belonging to the same object in the container under
investigation, and adapting the operating parameters of the
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XDI scanner in real-time as a function of the potential threats.
Therefore, threat detection is enhanced at a constant X-ray
source flux, thereby maintaining a constant X-ray dose rate
and power consumption. Also, intelligently using informa-
tion through the “smart” communication stage to make a
threat/no threat decision on the basis of both pre-screener
information and XDI information to resolve alarms raised by
the pre-screener facilitates decreasing the false alarm rate
(FAR) regardless of the frequency or rate of detection.

A technical effect of the systems and methods described
herein includes at least one of: (a) transferring container
coordinates and supposed nature of a potential threat; (b)
constraining XDI images using pre-screener images to
improve spatial resolution within the container and reducing
noise; (¢) aggregating voxels belonging to the same object in
the container under investigation; (d) adapting the operating
parameters of the XDI scanner in real-time as a function of
potential threats identified by a pre-screening stage; (e)
enhancing detection performance through decreasing false
alarm rates without increasing power consumption and X-ray
dose rates; and (f) iteratively reconstruct scanning images
using constraint data generated by a pre-screening stage, esti-
mated XDI image data at least partially generated from the
constraint data, actual image data generated by a scan per-
formed by a screening stage, and calculated differences
between the estimated XDI image data and the actual image
data.

Exemplary embodiments of multi-stage security screening
system with a smart communication system between the
stages and methods of using the same are described above in
detail. The methods and systems are not limited to the specific
embodiments described herein, but rather, components of
systems and/or steps of the methods may be utilized indepen-
dently and separately from other components and/or steps
described herein. For example, the methods may also be used
in combination with other detection systems and methods,
and are not limited to practice with only the detection systems
and methods as described herein. Rather, the exemplary
embodiment may be implemented and utilized in connection
with many other multi-stage security screening system appli-
cations.

Although specific features of various embodiments of the
invention may be shown in some drawings and not in others,
this is for convenience only. In accordance with the principles
of the invention, any feature of a drawing may be referenced
and/or claimed in combination with any feature of any other
drawing.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.

What is claimed is:

1. A multi-stage screening system for screening a con-

tainer, said multi-stage screening system comprising:

a pre-screening stage comprising a transmission X-ray
device, said pre-screening stage configured to generate
constraint data associated with the contents of the con-
tainer;
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10
a screening stage comprising an X-ray diffraction imaging
(XDI) device, said screening stage configured to gener-
ate image data associated with the contents of the con-
tainer; and

a communication system coupled to said pre-screening

stage and said screening stage, said communication sys-
tem configured to receive and transmit said constraint
data and reconstruct at least one image of the container
at least partially as a function of said constraint data and
said image data, wherein said communication system is
further configured to iteratively reconstruct the at least
one image of the container using:

estimated XDI image data at least partially generated from

said constraint data;

actual image data generated by a scan performed by said

screening stage; and

calculated differences between said estimated XDI image

data and the actual image data.

2. The multi-stage screening system in accordance with
claim 1, wherein said communication system is further con-
figured to aggregate a plurality of voxels to at least partially
define at least one object in the container.

3. The multi-stage screening system in accordance with
claim 2, wherein said constraint data comprises said aggre-
gated plurality of voxels, thereby constraining the at least one
object with respect to at least one of object shape and coor-
dinates of position within the container.

4. The multi-stage screening system in accordance with
claim 1, wherein said communication system is further con-
figured to determine potential threats at least partially as a
function of said constraint data.

5. The multi-stage screening system in accordance with
claim 4, wherein said communication system is further con-
figured to regulate irradiation of the container by the screen-
ing stage at least partially as a function of the determined
potential threats.

6. The multi-stage screening system in accordance with
claim 4, wherein the determined potential threats are at least
partially defined by constraint data comprising attenuation
properties of the at least one object.

7. The multi-stage screening system in accordance with
claim 6, wherein said communication system is further con-
figured to regulate irradiation of the container by the screen-
ing stage at least partially as a function of the determined
potential threats.

8. The multi-stage screening system in accordance with
claim 1, wherein said constraint data comprises a transpar-
ency determination of the container as a result of a scan by
said pre-screening stage.

9. A method of performing a security screen of a container,
said method comprising:

irradiating a container with a pre-screening stage X-ray

device;

generating constraint data associated with the contents of

the container;

transmitting the constraint data to a communication sys-

tem;

irradiating the container with a screening stage X-ray

device; and

iteratively reconstructing at least one image of the con-

tainer at least partially as a function of the constraint data

comprising:

generating estimated XDI image data at least partially
from the constraint data;

generating actual image data from a scan of the con-
tainer by the screening stage X-ray device; and
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calculating differences between the estimated XDI
image data and the actual image data.

10. The method in accordance with claim 9, wherein irra-
diating a container with a pre-screening stage X-ray device
comprises irradiating the container with a transmission X-ray
device.

11. The method in accordance with claim 9, wherein irra-
diating the container with a screening stage X-ray device
comprises irradiating the container with an X-ray diffraction
imaging (XDI) device.

12. The method in accordance with claim 9 further com-
prising aggregating a plurality of voxels to at least partially
define at least one object in the container.

13. The method in accordance with claim 12 further com-
prising constraining the at least one object with respect to at
least one of shape and coordinates of position within the
container.
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14. The method in accordance with claim 9, wherein irra-
diating the container with the screening stage X-ray device
comprises:

determining potential threats at least partially as a function

of the constraint data; and

regulating irradiation of the container as a function of the

determined potential threats.

15. The method in accordance with claim 14, wherein
determining potential threats at least partially as a function of
the constraint data comprises determining attenuation prop-
erties of the at least one object as a function of irradiating the
container with the pre-screening stage X-ray device.

16. The method in accordance with claim 9, wherein gen-
erating constraint data associated with the contents of the
container comprises generating a transparency determination
of'the container as a function of irradiating the container with
the pre-screening stage X-ray device.
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